Objectives-To identify genes that are involved in the development and
expression of ets-2 in 300/o of RA samples and an up to 30-fold decreased expression of the potential metastasis suppressor gene nm23-H1 in 90% of RA tissues, compared with control tissues. Conclusions-The data presented show for the first time a significant decrease of nm23-H1 expression in RA, which is possibly involved in local invasiveness, and a strong activation ofthe ets-2 nuclear oncogene in about one third of RA tissues, which may also be part of a pathway leading to advanced disease stages. The constitutive expression of c-fos and c-jun in RA tissue most probably results from a continuing inflammatory stimulus. These findings with cell cultures suggest an intrinsic activation mechanism of these early response genes in RA.
(Ann Rheum Dis 1996; 55: 298-304) Rheumatoid arthritis (RA) is an inflammatory disorder characterised by infiltration of immunocompetent cells into the synovial tissue and synovial fluid of joints. Distinctive alterations in patterns of growth and cell-cell interactions characterise the rheumatoid synovium.
Most striking is the conversion of the lining cell layer from a predominantly single cell architecture into a multilayered proliferative cellular aggregation associated with changes in the cytomorphology of the synoviocyte.' RA synovial tissue, which is rich in blood vessels, invades the periarticular cartilage and bone, destroying the joint. RA synovial fibroblasts are a major component of this invasive pannus, consisting of a vascular and fibrous granulation tissue arising from the joint recessus and extending onto the surface of the cartilage. A number of studies indicate that these fibroblasts are morphologically altered and highly activated, similar to phenotypic features that have been interpreted either as signs of reversible cellular transformation or as the result of strong, but reversible stimulation originating from the surrounding inflammatory microenvironment.2 3 On the basis of these findings, a tumour-like expansion of the rheumatoid pannus tissue was suggested.4 In contrast, it has been proposed5 that the transitional fibroblastic zone frequently present in the cartilagepannus junction in rheumatoid joints is derived from the overlying cartilage. The origin of the destructive features of the rheumatoid synovium is not understood, and remains to be studied in detail. Using cytogenetic analysis, we have previously shown in primary cell cultures and higher passages of rheumatoid arthritis synovial tissue that trisomy 7 as a clonal change occurred in up to 20% of the cells analysed.8 Interestingly, the proportion of cells having +7 increased with the duration of the in vitro culture.
We have now used a molecular approach to identify genetic parameters of the invasive and destructive behaviour of solid RA tissue. We investigated a set of genes involved in processes such as proliferation, differentiation, tumour progression, and metastasis, with respect to mRNA expression using a multigene dot and slot blot assay as described previously. 3 RI of 10 X PCR buffer II (Perkin Elmer), 2 RI of each desoxynucleotide triphosphate (dNTP) (10 mmol/l), and 1 pI of RNase inhibitor (20 U/pu) were added and the mixture placed on ice for two minutes before the addition of 1 pA murine leukaemia virus reverse transcriptase (50 U/pul) and incubation for one to two hours at 42°C. To verify the presence of first strand cDNA and to determine the length of the DNA fragments, 1 plA of a-32P-dATP (Amersham, 3000 Ci/mmol/l) was added and the reverse transcriptase reaction checked by electrophoresis of 1 pA of the mixture through an agarose gel and exposure to radiographic film for one hour. Radioactive DNA probe was produced from the cDNA reaction by random priming in a total volume of 50 pA according to the manufacturers' procedures (Amersham, BRL, for example). The reaction was allowed to proceed at 37°C for two to four hours or overnight and then stopped by the addition of 1 pl EDTA (0-5 moIl/). A Stratagene push column was used to separate probe from unincorporated radioactive nucleotides. The probe was used within one week. GeneScreen membrane (NEN/Dupont) and BioRad slot blot manifold or positively charged nylon membrane (Eppendorf), together with the Eppendorf-Event dot blot manifold, were used for binding of the various gene probes. Membranes were soaked with 0 4 moIl Tris, pH 7-5, for five minutes. The plasmid DNAs were denatured for 10 minutes at room temperature in 0-25 moLl sodium hydroxide (NaOH)/0 5 molIl sodium chloride (NaCl). The DNA probes were diluted in 0-1 x SSC/0-125 moIl NaOH and bound to the membrane as one single slot of 1 ,ug or in three different dilutions (250 ng, 25 ng, and 2.5 ng). The DNA samples were loaded into the manifold and left for 30 minutes before suction was applied. The membranes were removed from the manifold, neutralised by rinsing in 0.5 molI NaCI/0.5 molll Tris, pH 7*5, dried in air, and then fixed by auto-ultraviolet cross linking using a Stratalinker (Stratagene). Hybridisation was performed as described for northern blot analysis.
SEMIQUANTITATIVE RT-PCR ANALYSIS
Using total RNA preparations purified from different RA samples and several controls, we performed semiquantitative RT-PCR reactions to investigate the expression of c-fos, c-jun, mad, max, c-myc, mxil, ets-2, nm23-H1, nm23-H2, and ,B-actin. Five hundred nanograms of total RNA was reverse transcribed using the kit from Perkin Elmer as described in the manufacturer's procedure. Subsequent PCR was performed with 1 ,ul of the reverse transcriptase reaction using 15 pmol of each primer, 5 pA 4 mmol/l dNTP mixture (Stratagene, 1:25 dilution of stock), 10 RI Pharmacia Taq Polymerase buffer, and 2X5 U (= 0-5 pAl) Taq Polymerase (Pharmacia) in a 100 plA reaction using a two step PCR as described in the Perkin Elmer RT-PCR kit manual. The number of cycles was decreased to 25 to ensure that exponential amplification was maintained.
A 10 pul aliquot was analysed on 1-1-5% agarose gels, depending on the size of the resulting fragments.
DENSITOMETRIC ANALYSIS
RNA-PCR products and mRNA northern blot signals were quantitated densitometrically using a UMAX Powerlook scanner and a Power Macintosh computer with Adobe Photoshop 3-0, Magic Scan, and NIH-Image software by averaging three separate measurements of the left, middle, and right areas of each band. To correct for the varying amounts of RNA and PCR product loaded in each lane, all sample measurements were calculated as the ratio of the average areas between the specific transcript and the 28s ribosomal RNA (rRNA) or PCR product and ,-actin. The value of 28s rRNA obtained was defined as 100% and all other intensities were referred to it. Values thus calculated were indicated as % of the respective 28s or (-actin signal intensity.
PLASMIDS AND PROBES
Protein coding gene probes used for northern blot analysis were labelled to high specific activity using random priming technology using hexanucleotide primers (c-fos, c-jun, ets-2, p53) and gene specific primers (nm23-H1). The probe used in control hybridisations was a synthetic 26 bp oligonucleotide selected from the human 28s rRNA sequence. 14 Phosphorus-32 labelling in this case was achieved by T4 polynucleotide kinase (Biolabs). Probes dotted onto membranes were either created by PCR using gene specific primers, or used as recombinant plasmids. The primers were: junB (JunB (55); 1-5 kb human cDNA in Bluescript KS+); junD (junD; 1-5 kb human cDNA in Bluescribe M13+); c-jun (5'-GCCTACAGATGAACTCTTlTCTGGC-3'upstream (up) and 5'-CTGAAACATCGC-ACTAGCCTTTGG-3'reverse (rev) primers from human cDNA sequence generating a 527 bp fragment); c-fos (5'-GGATAGCCTCTC-TTACTACCAC-3'up and 5'-TCCTGTCAT-GGTCTTCACAACG-3'rev primers from human cDNA sequence generating a 280 bp PCR fragment); fral (pSP fral; 1-5 kb human fralcDNA in pSP64); fosB (pTZ fosB; 1-7 kb human cDNA in pTZ 18); L-myc (pLmyc 10; 1-8 kb human DNA in pJB327); N-myc (pNbl; 1 kb human DNA in pBR322); c-myc (5'-CTCAACGTTAGCTTCACCAACAGG-3'up and 5'-CTCCACATACAGTCCTGG-ATGATG-3'rev primers from human c-myc DNA sequence creating a 400 bp PCR fragment); max (5'-GGGCTCATCATAATG-CACTGGAAC-3'up and 5'-TCTTCAGGC-TCAGACTCTGAGCTG-3'rev primers from human max cDNA creating a 386 bp PCR fragment); mad (5'-GAAGAATAGACG-GGCTCATCTTCG-3'up and 5'-TCTTAG-AGACCAAGACACGCCTTG-3'rev primers creating a 474 bp PCR fragment); mxil (5'-AGCACTGCCAACAGATCTACACAC-3'up and 5'-TGGCCCAGTGAATAT-I-l-lF-GCCCTG-3'rev primers, generating a 541 bp PCR fragment); c-myb (pHM2-6; 2-6 kb human c-myb DNA in pKH47); erbB (pheB; 2-5 kb human erbB in pBR322); c-Ha-ras (pEJ6-6; 6-6 kb c-Ha-ras DNA in pBR322); c-Ki-ras (pSVE SW4A-9; 0.5 kb human c-Ki-ras DNA in M13 mp8); ets-2 (5'-ATGT-CCAGGAAAGTGGCCAAGAAG-3'up and 5'-TGACATGGTTGTTTCCTTCCCACC-3'rev primers creating a 336 bp PCR fragment); p53 (pR4-2; 1-7 kb human p53cDNA in pUC8); RB (pO9R; 0 9 kb human RBcDNA in pSP65); CD44 (5'-GACAGACACCTCAGTTTlT-CTGGA-3'up and 5'-TT-CCTTCGTGTGTGGGTAATGAGA-3'rev primers from human CD44cDNA creating a 400 bp PCR fragment); nm23-Hl (5'G-GGCAGACCACATTGCTTITC-3'up and 5'-GCTGGGAGGAAGCATTTTFAATC-3'rev primers creating a 185 bp PCR fragment); nm23-H2 (5'-GAATAAGAGGTGGACAC-AACAGC-3'up and 5'-CCGGCTTCCAAA-AGCTTTATTGGC-3'rev primers creating a 145 bp PCR fragment); pS2 (ppS2; 0-3 kb human pS2cDNA in pT7T3); 0-actin (5'-GTCCTCTCCCAAGTCCACACA-3'up and 5'-CTGGTCTCAAGTCAGTGTACA-GGTAA-3'rev primers from human cDNA creating a 300 bp PCR fragment); GAPDH (pBLUGAP; 1-4 kb rat GAPDHcDNA in pBluescript KS+); pBR322 (Boehringer Mannheim); pUC18 (Boehringer Mannheim). Figure 1 shows a representative blot, and table 1 summarises the results. c-fos was active in all of five RA samples, whereas no or only weak signals were detected in controls. The ets-2 nuclear oncogene was positive in two of five RA tissues tested, and in one of three OA samples. c-myb gave a very strong signal in two RA tissues and nm23 signals were decreased in all five RA samples compared with control hybridisations. In addition, occasional differences were found concerning the genes p53, fra 1, c-myc, mad, fosB, max, c-Ki-ras, and the housekeeping gene GAPDH. A relatively constant amount of mRNA was found in all samples for mxi, RB, and (-actin. These preliminary data were used as basis for the investigation of a greater number of samples by RT-PCR and northern blot analysis.
Results
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Figure 1 Representative slot blot autoradiography after filter hybridisation with rheumatoid arthitis specific (RA) and osteoarthritis specific (OA) whole cDNA probes. Positions ofthe target gene sequences are indicated. (Table 1 summarises the results ofaUl the slot and dot blot experiments.) importance of c-fos in rheumatoid arthritis signal transduction and the potential of our approach. Control tissues were negative for c-fos (two of five) or displayed a low level of transcripts (three of five). c-jun mRNA also was increased in about 50% of RA samples investigated (10 of 19), but some control tissues also were positive (two of five). We identified two different transcripts of 3-4 and 2-6 kb in RA and in control samples. It remains to be determined if this was the result of sequence homology of our human c-jun probe with other members of the jun family of transcription factors, or if there exist different splicing products. p53 transcripts were not detected in northern blot analysis (not shown), but ets-2 transcripts were found in all samples (RA and controls) displaying at least a weak signal after one week of exposure time. In about one third of RA samples (six of 18), however, the expression of ets-2 as demonstrated by densitometric analysis was significantly increased, by six to 20-fold (figs 2A, 3B, tables 2, 3). Densitometric analysis also revealed the expression of nm23-H1 to be significantly decreased (two to 30-fold) ( group.bmj.com on April 15, 2017 -Published by http://ard.bmj.com/ Downloaded from with OA samples. The RT-PCR experiments revealed no differences for nm23-H2 between RA samples and controls (not shown).
CELL CULTURE EXPERIMENTS
Comparison of primary fibroblastoid synovialis cell cultures with a low number of cells displaying trisomy 7 and higher passages with more than 50% trisomy or polysomy 7 cells did not yield different signal patterns with the gene probes tested. Transcripts for c-fos, c-jun, ets-2, nm23-Hl, nm23-H2, P-actin, and GAPDH were present, and no significant qualitative or quantitative differences could be detected in either dot blots or semiquantitative RT-PCR screening ( fig 2D) . This indicates that genes other than those analysed are affected by the increase of chromosome number 7 in RA cell cultures. It was very interesting that c-fos and c-jun expression, in common with findings for e.g.. ' Figure 3 Northern blot analysis using total RNA ofdifferent rheumatoid arthritis (RA) and osteoarthritis (OA) (underlined) samples. Hybridisation probes and the length of the corresponding RNA molecules are indicated. A: Significant activation ofc-fos and c-jun, and decreased expression of nm23-H1 in RA tissue; 28s ribosomal RNA band ofthe corresponding RNA blots as reference. Variation ofRNA loading as a result oflimited amounts of tissue from some samples. Differences were determined densitometrically (see table 3 ). With c-jun as probe, a 3-4 kb band not described previously was detected in RA and control tissue. B: Four ofsix different RA samples displaying strong expression of ets-2. Two signals, 4 7 and 3.2 kb, also demonstrated in several other tissues. A 28s specific oligonucleotide probe used as reference hybridisation. may represent a response to cytokines permanently released by immune and mesenchymal cells in the synovial lining and subsynovial layer. In contrast to this is the finding that c-fos is also constitutively activated in fibroblastoid cell cultures derived from the synovial lining of joints affected with rheumatoid arthritis. Its activity thus appears to be an intrinsic characteristic of these fibroblastoid cells, at least in cell culture, insofar as it was found to persist through multiple passages of the cells in the absence of an additional continuing inflammatory stimulus. In addition to c-fos, its partner c-jun is also induced in about 50% of RA samples, to a minor extent. In common with c-fos, c-jun is activated constitutively in cell culture. It remains to be clarified whether these data imply that there may be a long term response ofthese normally transiently activated genes, or that an exogenous stimulus is needed in RA tissues; a detailed analysis of the regulatory pathways involved in steady state activation of c-fos and c-jun, both of which have been significant markers for RA, will be very interesting. tissues,"u and therefore an enhanced activity in several RA samples may reflect disease progression. In this context, it is of importance that several known genes involved in the degradation of the extracellular matrix, such as those encoding stromelysin 1, collagenase, and urokinase plasminogen activator,21 contain ets binding sites in their regulatory flanking sequences. In this way, ets-2 may play a part in coordinating events that lead to the degradation of cartilage-an important process in invasive growth. Why an increased expression of ets-2 was found only in about 30°/O of RA samples remains unclear. It may be hypothesised that other, ets-2 independent, pathways exist that have the same effect as ets-2 overexpression. The same problem is encountered with the analysis of oncogene expression in human cancer, in which again only a proportion of tumours of the same histological type display changes in activity characteristic of distinct oncogenes. Nevertheless, it would be of value to investigate the specific role of the ets-2 gene product in rheumatoid synovialis cells.
In view of the fact that a basic feature of joint damage in RA is the progressive erosion and destruction of articular cartilage and adjacent connective tissues, our data on nm23 are very important. The nm23 gene was originally identified on the basis of its reduced mRNA and protein levels in highly metastatic melanoma cell lines.22 Two nm23 gene isoforms, nm23-Hl and -H2, both encode 17 kDa 23 proteins. Generally, the published data indicate that a reduced concentration of nm23, or its structural alteration, result in a loss of the suppressor function. In agreement with this hypothesis, we detected a reduced nm23-HI transcript level in 90% of the RA samples investigated, compared with OA or normal synovialis tissue. This finding provides evidence that nm23 may be involved in the invasive behaviour of rheumatoid synovialis cells, as in the process of metastatic spread of specific tumours. As is the case for the metastatic process in human and animal tumours, at present we do not know the underlying function of the nm23 proteins in RA tissues. Some of the identified gene activities we describe have not yet been investigated in detail (c-myb, for example) and will be the subject of future study; others did not change significantly in comparison with controls, or occurred rarely in the sample pool as a whole, and were therefore disregarded.
Because use of this assay was limited to the gene probes available in our laboratory, we are now aiming to establish a differential mRNA extraction cloning strategy that allows us to identify new gene markers of RA in comparison with OA samples.
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